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First record of the non-indigenous jellyfish 
Blackfordia virginica (Mayer, 1910) in the Baltic 
Sea
Cornelia Jaspers1,2* , Bastian Huwer2, Nancy Weiland‑Bräuer3 and Catriona Clemmesen1
Abstract 
Marine invasions are of increasing concern for biodiversity conservation worldwide. Gelatinous macrozooplank‑
ton contain members, which have become globally invasive, for example the ctenophore Mnemiopsis leidyi or the 
hydromedusae Blackfordia virginica. B. virginica is characterised by a large salinity tolerance, with a brackish‑water habi‑
tat preference, and by a metagenic life history strategy with an alternation between sexually reproducing planktonic 
medusae and asexually reproducing benthic polyps to complete the life cycle. In this study we analysed 8 years of 
ichthyoplankton survey data (2010–2017) from the Kiel Canal and 14 ichthyoplankton summer surveys in the central 
Baltic Sea (2008–2017). We report the first presence of B. virginica in northern Europe, namely from the southwest‑
ern Baltic Sea and the Kiel Canal. In the Kiel Canal, B. virginica was first sporadically sighted in 2014 and 2015 and has 
developed persistent populations since summer 2016. Changes in size‑frequency distributions during summer 2016 
indicate active recruitment in the Kiel Canal at salinities between 7 and 13 and temperatures > 14 °C. Close vicinity to 
and direct connection with the southwestern Baltic Sea, where B. virginica was observed during 2017, indicate that 
the Baltic Sea and other brackish‑water habitats of Northern Europe are at risk for colonisation of this non‑indigenous 
species. Our results highlight that monitoring activities should consider gelatinous macrozooplankton for standard 
assessments to allow for the detection of non‑indigenous species at an early stage of their colonisation.
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Background
Global change has wide ranging consequences for the 
productivity and functioning of the worlds’ oceans. 
Among the pressures associated with global change are 
overfishing, eutrophication, coastal habitat modification 
and species translocations [1]. The transport of species 
outside their native dispersal ranges impacts recipient 
ecosystems and is leading to a homogenization of the 
worlds’ biota [2, 3]. Lately, it has been documented that 
the rate at which new species are recorded outside their 
natural habitat boundaries is steadily increasing, with 
no signs of saturation [4]. Even though it is only a small 
fraction of the originally arriving non-indigenous species 
which actually attain large population densities [5], the 
impact of those species which actually do become inva-
sive and achieve pest status can be devastating [6, 7].
The Baltic Sea has a very high proportion of non-indig-
enous species compared to the total number of species 
[8], in that respect ranking among the top 10 affected 
ecosystems worldwide [9]. Further, it is characterised by 
a very steep salinity gradient ranging from 2 in the north 
east (Bothnian Bay) to 31 at the transition zone to the 
North Sea in the west [10]. Such brackish-water seas, 
with overall low species richness, have been shown to be 
especially vulnerable to invasions [11]. Therefore, large 
areas of the Baltic Sea as well as the Kiel Canal, an artifi-
cial brackish waterway, can be regarded as high risk areas 
for the establishment of non-indigenous species. This is 
especially so as the 98  km long Kiel Canal, which con-
nects the North Sea to the SW Baltic Sea, is the busiest 
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artificial water way in the world with approx. 80 con-
tainer ships passing on a daily basis [12, 13].
An example of a very potent invasive species is the 
hydrozoan jellyfish Blackfordia virginica (Mayer,  1910) 
[14] Leptothecata (Cnidaria: Hydrozoa) cf. Cornelius 
[15, 16]. B. virginica is characterised by a metagenic life 
history strategy with an alternation between a sexu-
ally reproducing medusa and an asexually reproducing 
polyp population to complete the life cycle. The pelagic 
medusa stage has been found in brackish-water systems 
(as reviewed in [17]), while the polyp stage has been con-
firmed from brackish-water systems, estuaries as well 
as coastal salt water swamps (e.g. as reviewed in [17]). 
The origin of this hydromedusa is not clear. It was first 
described by Mayer [14] based on dense accumulations 
in Virginia, USA during autumn 1904, but later molecular 
analyses documented a low genetic diversity, suggesting 
that animals went through a bottleneck, as expected dur-
ing the translocation process of a non-indigenous species 
[18]. Thiel found that B. virginica was a common mem-
ber of the hydromedusa community of the Black Sea, 
which suggests that it is actually native to the Black Sea 
region [19–22]. Apart from these early records, estab-
lished B. virginica populations were found in other areas 
around the world e.g. India [23, 24], South America (e.g. 
[17, 25]), North America [20, 22], South Africa [26], and 
southwestern Europe (e.g. [27]). For the Atlantic coast of 
southwestern Europe, B. virginica was first recorded in 
1971 in the Loire estuary, Bay of Biscay, France [28]. In 
1984 B. virginica was further observed in the Mira estu-
ary, Portugal [29], while more recently, animals were 
recorded in the harbour of Amsterdam, Netherlands [30] 
and in the Gironde estuary, France [27]. In this study we 
describe the first record of Blackfordia virginica in the 
Kiel Canal and Kiel Fjord in the southwestern Baltic Sea. 
Furthermore, we collate long term ichthyoplankton sur-
vey data, analysed for gelatinous macrozooplankton, to 
set a baseline confirming presence and absence of Black-
fordia virginica medusae. Especially the Baltic Sea, one of 
the largest brackish-water systems of the world, presents 
a highly suitable habitat for B. virginica, with a potential 
for severe ecosystem impacts due to grazing on zoo-
plankton standing stocks.
Methods
Sampling of hydromedusae
The presence and absence of Blackfordia virginica has 
been confirmed as part of ongoing gelatinous macrozoo-
plankton monitoring initiatives within 4 different sam-
pling programs or survey activities of ichthyoplankton 
in the Baltic Sea and Kiel Canal (see detailed descrip-
tion of the individual programs below), covering the past 
10 years (2008–2017, see Fig. 1, Additional file 1: Table S1 
for station reference). Presented size distribution data of 
B. virginica are based on 4% borax buffered formaldehyde 
seawater solution without considering shrinkage effects. 
Kiel Canal
Sampling was conducted at the monitoring station NOK 
(WGS84 coordinates: N54.343, E9.968) which is located 
at the eastern end of the Kiel Canal at kilometer 85, 
approx. 13 km west of the exit to the Baltic Sea, at weekly 
or monthly intervals covering the years 2010–2017. To 
characterise physical properties of the water column, 
salinity and temperature profiles were taken using the 
hand held CTD 48  M (Sea & Sun Technology GmbH, 
Trappenkamp, Germany). Gelatinous macrozooplank-
ton was sampled as part of an ongoing ichthyoplank-
ton monitoring program using double oblique bongo 
net tows (60  cm diameter, 500 and 335  µm mesh sizes) 
through the entire water column. Filtered volumes were 
calculated based on flowmeter recordings (Hydrobios, 
Kiel, Germany) and ranged between 100 and 160  m3, 
depending on current strength in the canal. Throughout 
July–October 2017, no bongo net casts could be con-
ducted. Therefore, bi-monthly presence during summer 
was determined by visual confirmations and net tows 
from land. During October 2017, quantitative samples 
were generated using three independent WP2-net casts 
(60  cm diameter, 200  µm meshed) from 1  m above the 
bottom to the surface. To increase the filtered water vol-
ume for reliable count data, each of the three samples 
consisted of triplicate WP2-net tows which were pooled 
leading to 9 individual WP2-net casts. Filtered water 
volume was estimated from wire length and net open-
ing of strictly vertical tows. For 2016 and 2017, all bongo 
samples, preserved in 4% borax buffered formaldehyde 
seawater solution, were analysed on a light table in the 
laboratory for gelatinous macrozooplankton abundance 
estimation, while for 2010–2015 non-preserved samples 
were analysed right after catch along with sorting of ich-
thyoplankton. Blackfordia virginica were measured to the 
nearest mm from preserved samples using a caliper, not 
accounting for shrinkage effects.
Baltic Sea
During August 2017, a comprehensive survey inves-
tigating the gelatinous zooplankton community of the 
Baltic Sea was conducted with R/V Alkor, covering the 
area from the SW Baltic off Flensburg to the northern 
Gotland Basin (Fig. 1, Additional file 1: Table S1). The 
investigation period is consistent with documented 
peak abundances of B. virginica in other invaded areas, 
such as the Atlantic coast of France [27]. We ana-
lysed > 300 individual nets with filtered water volumes 
ranging between 100 m3 and 300 m3  net−1 for a total of 
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75 stations, covering the entire water column down to 
5 m above the bottom. We deployed different sampling 
gear consisting of (1) a bongo net equipped with 335 
and 500 µm meshed nets (n = 69 casts), (2) a horizon-
tally towed 335 µm meshed Multinet Maxi (Hydrobios, 
Germany; 0.5 m2 net opening) with up to 9 individual 
nets (n = 16 casts) and (3) a horizontally towed 335 µm 
meshed Multinet Midi (Hydrobios, Germany; 0.25  m2 
net opening) with 5 individual nets (n = 8 casts). Sam-
ples were analysed alive on a light table for all gelati-
nous macrozooplankton down to a size of 3 mm.
Kiel Fjord
During September to October 2017, the Kiel Fjord was 
visually scanned from a floating Pier (WGS84 coor-
dinates: N54.330, E10.150) for gelatinous macrozoo-
plankton three times per week.
Bornholm Basin
Gelatinous macrozooplankton was investigated as part 
of an ichthyoplankton survey on a 45 station standard 
grid (BB 1–45, Fig. 1, Additional file 1: Table S1) in the 
Bornholm Basin (BB), Baltic Sea with R/V Alkor dur-
ing August 2008, 2010, 2013 to 2015, R/V DANA during 
September 2015, as well as R/V Baltica during June from 
2010 to 2017 (except 2013) using bongo net tows and 
analyses as described above.
Species identification
Identification of B. virginica was based on morphologi-
cal characteristics using Mayer [14], analysing life mate-
rial under a Leica stereomicroscope M125 (see Fig.  2 
for morphological identification characteristics). Addi-
tionally, 13 specimens were sequenced for molecular 
species confirmation, see below for sampling infroma-
tion. DNA was extracted using the WIZARD Genomic 
Purification kit (Promega, Madison, USA) from tissue 
Fig. 1 Sampling stations which have been investigated for presence (red triangle) or absence (black circles) of the hydromedusa Blackfordia 
virginica in the Baltic Sea (73 stations investigated during August 2017), Kiel Canal (one station sampled from 2010 to 2017), qualitative sampling 
station in Kiel Fjord (September–October 2017) and the Bornholm Basin (45 BB stations during August 2008–2016, June 2010–2012 and 2014–2017 
and Sept. 2016, BB01‑BB45)
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material of starved medusa, homogenised in 480  μL 
50 mM EDTA with a pestle and incubated at 37 °C for 
30 min after addition of Proteinase K (life technologies, 
Darmstadt, Germany), according to the manufacturers’ 
protocol. DNA templates (100  ng) were subjected to 
PCR in 25 μL total volume using the GoTaq DNA Poly-
merase kit (Promega, Madison, USA) and four different 
primer sets following published protocols [18, 31]. PCR 
reactions were used to determine the DNA sequences, 
performed by the sequencing facility at the Institute 
of Clinical Molecular Biology, University of Kiel, Kiel, 
Germany (IKMB). Sequence data were compared with 
GenBank deposits and used for species verification. 
The sequences obtained from this study are available 
on GenBank under the accession numbers: MH460957-
MH460960, gbr6607813.
Three specimens from Kiel Canal, after morphologi-
cal identification and image verification of unpreserved 
material, were preserved in 4% buffered formalin solution 
and deposited at the Museum of University of Hamburg, 
Zentrum für Naturkunde (reference collection numbers 
ZMH C 12438-40). Animals were caught in the upper 
50  cm of the water column from land (WGS84 coordi-
nates: N54.345, E9.983) along Kiel Canal on the 28th of 
June 2017. Temperature (18.4  °C) and salinity (10) was 
recorded and individual B. virginica caught using a ladle.
Results
Morphological analyses (Fig. 2) confirmed that the sam-
pled species were Blackfordia virginica [14, 29]. Further, 
sequence analyses with four primers  of three  different 
marker genes showed that the general 16S sequences of 
sampled individuals were 100% identical to Blackfordia 
virginica (Mayer 1910) sequences retrieved from Gen-
Bank. Additional marker genes used showed a lower 
identify but B. virginica exclusively showed up as the top 
blast result for all markers employed. A 99% identity was 
reached using the nuclear 18S and mitochondrial COI 
sequences, while low query coverage (46%) for the ITS-I 
marker resulted in an identity match with B. virginica of 
98%.
Blackfordia virginica was first observed in the Kiel 
Canal at the monitoring station NOK (WGS84 coordi-
nates: N54.343, E9.968) during October 2014. The den-
sity was low, i.e. 0.7 ind.  m−3 (Additional file 2: Table S2). 
The following year, animals were recorded in July, but 
starting in 2016, B. virginica was consistently present 
from June to October, reaching a maximum abundance 
of 5.1 ind.  m−3 during July (Fig. 3). Even though animals 
were already recorded in April 2016, no animals were 
caught during four sampling campaigns during May and 
the first half of June. Similarly, during 2017 B. virginica 
appeared at the end of June reaching a density of 14.4 ind. 
 m−3, and was consistently present until October. In sum-
mary, B. virginica has been present at the eastern side of 
the Kiel Canal since 2014, indicating established popula-
tions at the monitoring site since 2016.
During all sampling events, the overall size of B. vir-
ginica (n = 1122) ranged between 2 and 17 mm, based 
on formalin preserved samples without accounting for 
shrinkage. The average size of the B. virginica popula-
tion at the Kiel Canal monitoring station during sum-
mer and autumn 2016 ranged between 6 and 9.5  mm 
(average ± SD: 7.7 ± 2.3 mm, see Fig. 4). However, dur-
ing the early first occurrence in April 2016, average 
sizes were much larger compared to all other sampling 
points, with an average size of 13.0 ± 1.1 mm. Only one 
formalin preserved sample from 2017 was analysed 
and its average size (8.0 ± 2.6 mm; n = 290) in June was 
Fig. 2 The hydromedusa Blackfordia virginica (Mayer, 1910) [14] 
Leptothecata (Cnidaria: Hydrozoa) cf. Cornelius [15] (a), with 
hemispherical umbrella of max 22 mm in diameter, varying number 
of tentacles, depending on development stage, four radial canals 
and a quadratic manubrium with curved lips. Specific diagnostic 
characteristics include endodermal cores of tentacles which can 
project into the bell (grey arrow) (b), closed lithocysts with 1–3 
concretions (white arrows) between adjacent tentacles (c), with 
grey pigmentation at their base (black arrow), even though this 
characteristic is not diagnostic for all B. virginica sub‑populations (d), 
all images from living material
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comparable to the summer 2016 average values (Fig. 4, 
Additional file 2: Table S2). It is worth noting that dur-
ing the last occurrence of B. virginica in the Kiel Canal 
during October 2016, before animals disappeared from 
the water column (Fig. 3), a much higher proportion of 
very small sized medusae contributed to the population 
structure. Blackfordia virginica were usually present at 
temperatures above 14 °C, while only once (April 2016) 
specimens were found at 8.7  °C. Salinity did not seem 
to be a major contributor determining the presence 
or absence of B. virginica in the Kiel Canal within the 
salinity range from 7 to 13 (Fig. 5).
Fig. 3 Seasonal variation of Blackfordia virginica (Mayer, 1910) densities (ind.  m−3 ± SD) with average temperature (white dots) and salinity (black 
dots) conditions in Kiel Canal for the years 2016–2017, when animals were first recorded over a longer time period. First sightings from Oct. 2014 
and July 2015 are not shown. Sampling time points (black bars) are shown, with non‑quantitative presence indicated by asterisks (*). Note n.a. = no 
data
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We caught a single individual of B. virginica with an 
approximate life size of 10 mm in the Kiel Fjord, south-
western Baltic Sea, on 9 October 2017 at a salinity of 14.1 
and a temperature of 14.3 °C. So far this non-indigenous 
hydrozoan species has not been observed elsewhere 
in the wider Baltic Sea area, irrespective of intensive 
monitoring activities during the past 10  years (Fig.  1, 
Additional file  1: Table  S1). A full account of station 
information with absence records of B. virginica (n = 660 
sampling stations) covering the years 2008 to 2017 is 
given in Additional file 1: Table S1.
Discussion
We describe the first record of the hydromedusan jelly-
fish Blackfordia virginica from northern Europe, namely 
Kiel Canal and Kiel Fjord, southwestern Baltic Sea. So far, 
standardised sampling of gelatinous zooplankton in other 
parts of the Baltic Sea has not detected the species dur-
ing the past 10 years. The persistent presence of medusae 
populations during summer/autumn and seasonal varia-
tion in their size distribution in Kiel Canal indicate active 
recruitment throughout summer since 2016.
Concerning the question of the initial introduction vec-
tor to the Kiel Canal, there is no direct evidence. Shipping 
has been suggested to be the major cause for the primary 
introduction of non-indigenous species in the marine 
realm, both due to ballast water release and from fouling 
communities on ship hulls [9]. No ballast water release 
takes place in Kiel Canal and the water exchange with 
the North Sea and Baltic Sea is limited. Hence, it is most 
likely that B. virginica has been introduced as part of a 
fouling community on container ships. Kiel Canal is the 
most navigated, busiest artificial shipping route world-
wide with 32,100 commercial ship passages in 2015. In 
comparison, Panama and Suez Canals had commercial 
ship passages of 14,000 and 17,500, respectively [13].
The occurrence of B. virginica in Kiel Canal ranged 
over a salinity gradient from 7 to 13. In other invaded 
areas of southwestern Europe, B. virginica has been 
observed in near fresh water conditions [27] and up to a 
salinity of 27.5 [32]. Similarly, in south American estuar-
ies of Brazil, medusae have been documented to occur 
over a very large salinity range from 2.2 to 36 [25]. This 
indicates that B. virginica is a truly euryhaline species, 
which successfully invaded a multitude of estuaries and 
Fig. 4 Size‑frequency distribution of Blackfordia virginica (Mayer, 
1910) from Kiel Canal for the year 2016 and one time point in 2017. 
Grey bars present 3 mm size bins with overall average indicated 
by dashed line, all from preserved material, without accounting for 
shrinkage
◂
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brackish-water systems around the world (for review see 
[27]). It also suggests that the species has a high potential 
to colonise most of the Baltic Sea.
In other areas of Europe, the peak abundance of B. vir-
ginica medusa occurs in summer [27, 32]. For example, 
in Portugal, the species occurred at temperatures above 
12  °C [32] and similarly, in Gironde Estuary, France 
between 14.5 to 26.6  °C [27]. In the US, the species has 
been observed at temperatures above 16.5  °C [33]. In 
Kiel Canal, animals were recorded at temperatures above 
14 °C, matching what has been observed elsewhere. One 
observation where animals were recorded at a tempera-
ture of 8.7 ± 0.3 °C (on 20 April 2016) is exceptional. The 
observed specimen were mostly large-sized, with an aver-
age size being twice as large as observed during the first 
occurrence in 2017. This suggests that they were produced 
and grew up in warmer (possibly shallower) sections of 
the Kiel Canal and subsequently drifted to our sampling 
station. This is further supported by the observation that 
B. virginica disappeared from the sampling station for 
1.5  months and was first recorded again by mid June, 
when animals remained in Kiel Canal throughout sum-
mer and autumn. During October 2016, an extraordinary 
shift in the size distribution along with peak abundance of 
very small medusae were observed, which may be caused 
by a new cohort, which did not manage to grow up due 
to temperature effects. This has similarly been observed 
in the Gironde estuary, France, where 70% of the popula-
tion consisted of 2 mm sized B. virginica during October 
before medusae disappeared from the water column [27].
B. virginica is a hydromedusa, characterised by an alter-
nation between benthic and pelagic life forms. Medusa pro-
duction from benthic polyps has been suggested to occur 
throughout the entire summer period in northwestern 
America [20, 34]. Locations of polyp settling in Kiel Canal 
remain to be identified. However, recurrent introductions 
due to ship hull fouling are not likely to have led to the high 
B. virginica medusa densities observed during recent years. 
Additionally, the change in size-frequency distribution fur-
ther indicates an active recruitment at the sampling site in 
Kiel Canal during summer and autumn, similar to observa-
tions in northwestern America [20].
We further confirm B. virginica from Kiel Bight. This 
indicates that the high abundances in the Kiel Canal are 
likely to have seeded animals into the southwestern Baltic 
Sea, but it remains to be seen if they establish permanent 
populations in this area. During summer, water tempera-
tures in the Baltic Sea are within the preferred temperature 
range of B. virginica in Kiel Canal and other invaded areas 
around the world. This suggests that the Baltic Sea offers 
ample opportunities for the establishment of self-recruiting 
populations. Furthermore, rocky coastlines offer plenty of 
hard substrate for the settlement of polyps, along with the 
additional availability of hard substrate as a consequence of 
increasing offshore wind farm structures in the Baltic Sea. 
We therefore suggest that B. virginica can be regarded as a 
highly potent non-indigenous species with a large colonisa-
tion potential for the Baltic Sea. In other areas of Europe, 
it has been documented that high abundances of B. virgi-
nica (650 to 1700 ind. m−3) have a negative impact on food 
web structure and functioning [27, 35]. Blackfordia vir-
ginica pose a high grazing pressure on local zooplankton 
standing stocks [32] as well as fish larvae [33]. The latter is 
further confirmed by non-quantitative observations from 
Kiel Canal during summer where a high percentage of B. 
virginica with ingested gobiid fish larvae were observed 
(Jaspers, Wendt pers. observation). Therefore, it can be 
expected that a further spreading and abundance increase 
of B. virginica may not only result in food competition with 
local pelagic fish stocks but additionally cause direct pre-
dation on fish early life stages. Particularly, this may pose a 
high risk if B. virginica is spreading further into the Baltic 
Sea and reaches the deeper areas like the Bornholm, Gda-
nsk and Gotland basins, as these are the major spawning 
grounds of commercially important fish stocks such as 
sprat and cod. A similar impact on early life stages of fish 
had been hypothesised when another non-indigenous 
comb jelly, Mnemiopsis leidyi, was first recorded in the 
Baltic Sea. Even though M. leidyi is holoplanktonic, they 
do not form self-sustaining populations in most areas of 
the Baltic Sea due to salinity constraints on reproduction 
rates [36]. Therefore, the spatio-temporal overlap with 
early life stages of commercially important fish is limited 
[37]. In contrast, the present study shows that B. virginica 
is not constrained by low salinity and occurs in the Kiel 
Canal from early summer throughout autumn. Therefore, 
negative impacts on fish recruits could be expected via 
Fig. 5 Occurrence of Blackfordia virginica (Mayer, 1910) as a function 
of salinity and temperature with presence (black dots, n = 10 for 
2014–2017) and absence (white dots, n = 12 for 2016/2017)
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food competition as well as direct predation, especially for 
coastal areas of the Baltic, where e.g. herring is spawning 
[38]. This highlights that the new record of this non-indige-
nous species in northern Europe is a matter of concern for 
low saline environments.
In addition to the finding of B. virginica medusae, the non-
indigenous comb jelly Mnemiopsis leidyi was observed twice 
during the 8 year investigation period in Kiel Canal. This is 
the first record of M. leidyi in Kiel Canal. Specifically, ani-
mals were recorded during September 2010 and December 
2015, but at low densities of 0.1 and 0.01 ind.  m−3, when the 
average salinity was 10.7 ± 0.1 and 10.8 ± 2.7, respectively 
(pers. comm. Jaspers). This occasional occurrence of M. 
leidyi in the Kiel Canal indicates that animals do not form 
self-sustaining populations there. This is likely due to the 
low salinity, which is below the threshold where M. leidyi do 
reproduce and multiply [36, 39]. The exceptional high salin-
ity observed during the recordings of M. leidyi in the Kiel 
Canal further indicates that those animals are likely to be 
seeded from the Kiel Bight via inflow of higher saline waters. 
This is further substantiated as M. leidyi was present in Kiel 
Bight during that time period [40].
Some invasive jellyfish e.g. Phyllorhiza punctata, Cassio-
pea andromeda, Rhopilema nomadica, Aurelia spp. [41], as 
well as the comb jelly Mnemiopsis leidyi [42], are well known 
to reach a global distribution and to have large impact on 
local ecosystems. Nevertheless, they remain under-repre-
sented in ongoing monitoring activities and non-indigenous 
species databases. This inconsistency is primarily attributed 
to the overall lack of systematic long term data acquisition 
for gelatinous macrozooplankton [43]. In this study, we 
have used a comparable methodology over an investigation 
period of ca. 10 years covering large areas of the Baltic Sea. 
We highlight that monitoring activities including less well 
studied organism groups such as gelatinous zooplankton 
are important to establish baselines for the detection of non-
indigenous species at an early stage of their colonisation. Fur-
ther, we conclude that not only large gelatinous zooplankton 
species such as Mnemiopsis leidyi or Phyllorhiza punctata 
are a matter of concern as non-indigenous species, but also 
small species such as B. virginica. The Baltic Sea, especially 
coastal areas, constitutes suitable habitat for B. virginica and 
the Baltic Sea is thus confronted with a high invasion risk for 
this non-indigenous jellyfish species.
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